Type II cells of the alveolar epithelium of adult rats have been shown to internalize the ferritin-labeled lectin from Maclura pomifera (MPA-F). This a-galactose-binding molecule binds specifically to the apical plasma membrane of the cells. Once within the cell the lectin is cycled from pinocytic vesicles, to multivesicular bodies of two types, and finally to lamellar bodies, the storage granules of surfactant. Those multivesicular bodies that first contain MPA-F lack detectable lysosomal enzymes, while those labeled later are reactive. For 30-60 min, uptake of MPA-F is blocked by adding methyl a-D-galactoside to the instillate. Lectins that have no or limited binding to type II cells are taken up in amounts similar to fluid phase markers. These observations indicate that type II cells can take up substances from alveoli by the process of adsorptive endocytosis and deposit the ingested material into lamellar bodies.
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Based on the recent concept that type II cells of the alveolar epithelium recycle surfactant phospholipids and do so in a relatively efficient manner, there is renewed interest in the way in which type II cells interiorize materials from alveoli, and in the intracellular sites into which substances are deposited after uptake. As shown in an earlier study (1) , alveolar type II cells internalize cationic ferritin and subsequently transport it either into organelles of the secretory pathway-multivesicular bodies (MVBs) and lamellar bodies (LBs)-or into the interstitial space underlying the cells. The fact that CF labels more than one intracellular pathway in type II cells is likely to be a consequence of its ability to bind to several populations of plasmalemmal molecules that can direct the ingested tracer to different intracellular sites. To provide a more specific probe by which this pathway can be studied further, studies have been carried out with ferritinlabeled lectins. These molecules can be readily visualized by electron microscopy with high resolution. The choice of lectins to be studied was based on earlier studies (2) (3) (4) On the basis of the observations reported here, such an interdependence appears to be the case for type II cells as it is for many other cells. The organelles into which the lectins are discharged after uptake by vesicles are constituents of the secretory pathway, namely MVBs (6) and LBs (7). Although it has not yet been tested by morphologic methods such as autoradiography, this pathway may account for the transfer of surfactant from alveoli to LB fractions observed earlier by Hallman and co-workers (8) . Some of the observations reported here have been published previously in an abstract (3).
METHODS
Animals and Administration of Tracers. Experiments were carried out on male Long-Evans rats, 275-350 g, anesthetized with sodium methohexital (7 mg/100 g of body weight). Animals were intubated intratracheally with a 16-gauge Teflon catheter inserted orally. Polyethylene tubing (PE-10, 0.61 mm outside diameter) was inserted into the catheter and pushed gently several centimeters. Tracers were then instilled into the lung through the smaller tubing. These procedures took 30-60 sec, after which both catheters were removed. After 10 min to 6 hr, animals were reanesthetized and the lungs were fixed by vascular perfusion or inflation as described elsewhere (9) .
Tracers. Both MPA-F and WFA-F were purchased from both Polyscience (Warrington, PA) and E-Y Chemicals (San Mateo, CA). Con A-F was purchased from E-Y Chemicals. sections were examined in a Zeiss EM-10 electron microscope.
Cytochemistry. Aryl sulfatase or acid phosphatase was demonstrated in tissues from rats labeled with MPA-F for 30-180 min. After fixation and washing, 125-pim-thick sections were cut on a Sorvall TC-2 tissue sectioner (DuPont Instruments, Sorvall Division). Aryl sulfatase was demonstrated by the method of Goldfischer (10) as described by Wall et al. (11) . Acid phosphatase was demonstrated in a modified Gomori medium using p-glycerophosphate as a substrate at pH 5.0 (12) . Incubations were at 220C or 370C for 2-3 hr.
;
The number of animals studied for each tracer and the range of times at which tissues were collected were MPA-F (nine animals, 10 min to 6 hrs), MPA-F plus methyl a-Dgalactoside (three animals, 30 min to 6 hr), WFA-F (two animals, 60 or 75 min), Con A-F (three animals, 30 min to 2 hr), and Con A-F plus methyl a-D-mannoside (one animal, 30 mi).
RESULTS
As in the previous study (i), alveolar macrophages ingested all tracers, including colloidal carbon, at all time periods. The presence of labeled vesicles in these cells indicated that the tracers had reached a specific alveolus and that they could be readily detected by electron microscopy. Epithelial cells were studied only if labeled macrophages were nearby. None of the tracers produced damage to cellular structure, but at early time periods a few small distentions of the MPA-F. By 10 min after its instillation, MPA-F was present at low concentrations in small vesicles, some of which were clathrin coated ( Figs. 1 and 2 ), and in a few electronlucent MVBs. After 30 min the tracer was present in these compartments as well as in electron-dense MVBs (Fig. 3) . By 30 min, fewer than 50% of the LBs in any particular labeled cell contained small amounts of tracer at this time. Images suggestive of fusion of small labeled vesicles with MVBs, especially of the electron-lucent type, were frequent (Fig. 1B) . No MPA-F was observed in the interior of the small vesicles of MVBs. By 60 min after instillation most LBs of labeled cells contained MPA-F, and the amount of tracer within these organelles increased with longer exposures (Fig. 3) . At (Fig. 4) . By 6 hr, however, the inhibition was no longer evident and MVBs and LBs were labeled as before. This is most likely due to a rapid loss of the low molecular weight sugar into adjacent alveoli, the Lysosomal enzymes were localized cytochemically in tissues exposed to MPA-F for 1-3 hr to determine whether the earliest MPA-F labeled MVBs Contain acid phosphatase or aryl sulfatase. As shown by others (13) , both enzymes could be demonstrated within most LBs, Golgi elements, and a few small vesicles. A subpopulation of MVBs, mainly those small and electron dense, was also enzymatically reactive (Fig. 6 ). MPA-F was present in many of the electron-lucent MVBs, but no enzymatic activity could be demonstrated in these structures (Fig. 6) (16), and by others. As determined mainly from studies of cultured cells or isolated perfused organs, these characteristics include the high-affinity binding of a ligand to plasmalemmal ldi, followed by a very rapid uptake of the ligahd into pinocytic vesicles. Within this time period the ligand is subsequently deposited into an irregularly shaped, smoothsurfaced "endosome" (15, 17) or "receptosome" (18) . This newly identified organelle appears not to contain lysosomhal enzymes (11, 19) and may be the site of uncoupling of receptor-ligand complexes (20) Molecules that bind to the cell membrane (X) are taken into vesicles (1), which become or empty into acid phosphatase-negative (AcP-) MVBs (2) . These receive lysosomal enzymes (3) by fusion with primary lysosomes or MVBs derived from the Golgi area (RER, rough endoplasmic reticulum) (4). Some of the tracer-laden enzyme-positive MVBs fuse with forming LBs (5), while others may carry out typical hydrolytic functions of traditional lysosomes (6) . Much evidence indicates that the small MVI3s then fuse with lamellar bodies and, in doing so, contribute to them'the small contained vesicles, lysosomal enzymes, and in this case MPA-F derived from the alveolar lumen.
These observations have implications relating to the formation of LBs, especially with regard to functions of MVBs (Fig. 7) . MVBs are present in unusually large numbers in type IX cells (6, 25) . On the basis of their autoradiographic studies, Chevalier and Collet (6) (26) . In other cases they react positively with antisera against the Golgi apparatus (27) and have similar histochemical properties to Golgi membranes (28) .
These studies were initiated because of an interestiin the cellular mechanisms that account for the recently described phenomenon of recycling of surfactant phospholipids. Geiger reported in an early study that type II cells internalized radiolabeled aerosolized dipalmitoyl lecithin, a major constituent of surfactant (29) . Hallman et al. (8) 
